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Abstract. We have examined the ISI:E-3  distant tail data during three intense (I)st <-100 nT)
magnetic storms ancl have identified the tail response to high speed solar wind streams,
interplanetary magnetic clouds, and near-earh storms. I’he three stor]ns have a peak l)st ranging
from  -150 to -220 nT, and occur on Jan. 9, l~eb. 4 and Aug. 8, 1983. I luring the storm onsets, tile
fast solar wind and magnetic field dynamic pressure ( ];2 /87r+ ~tlik7’i ) fluctuations moved the tail
across the spacecraft multiple times. Tbc rnagnetotail is strongly cornpressccl  by the outside sheath
pressure. I’he lobe field strength can usually be prcc]ictcd by the pressure balance. T’hc  strongest
lobe field magnitude detected is 37 nl’ during storm main phase on Jan. 10, which is higher than
the sheath field by 5 - 10 nl’. l’he sheath plasma pressure accounts for the higher lobe field
strengths. However, for the Feb. 4 storm, wc find t}]at 3 tail lobe encounters are not in static
balance with sheath pressure. l>uring the storln times, the. field magnitu(ics of the lobe an(i
plasrnashcet increase by a factor of 3-5 reiativc to the quiet time. “l’he tcrnpcraturc  anti density in
both regions aiso incrc:isc  by factors of 2-3, but with little plasma ~ changes, as one woul(i expect.
Llnder  the assumption of tail flux conservation, increased sheath pressure implies a r-e(iucc(i  taii
sire. Ilcsi(ics  the tail siz,c changes, the location of the norninai  tail axis is cont[olleci  by solar win(i
flow orientation. I’his stuciy shows that more than 7t-)~o of tail  imanc]-oot events arc pr”e(iicte~i by
either of these external mechanisms (changes of tail size due to the external pressure an(i the solar
winci ciirectional  changes). Nine taii piasn)ashcct jcttings and I’wclvc  slcsw-mocic shocks  have been
dctecteci  cluring the three storlns. one remarkable feature of the jcttinss is very strong cmthwar(i
flow (up to 1200 kn]/s) and tailward flow (up to 1500 knds). ‘l’he solar winci spcecl for these events
was only -900 knl/s. IIoth tail fiow events have the hi~hest speeds found to date. The
prepon(ierance  of such a strong earthwarxi  flow indicates that ciuring magnetic storms, rna~netic
reconnection occurs at ic~cations wcli bcyonci the distance of lSlili-3.  I’hroug,h  the interface c)f
slow-mode shocks between the tail lobe and the plasrnashecthc) undary layer, rnagnctic  energy is
being converted into plasma thermal and kinetic energy  by the magnetic merging process. “1’he
predicted downstream plasma jetting speed (978 km/s) is consistent witil  the observatio~ls  (1 000
km/s) in the bourrciary layer. One surprising feature is that this reconnection process seems  to be
quite prominent during the storm recovery phase. Onc possible suggestion is that ti]c dynamics of
the ciistant taii are not at all related to magnetic storms and substorms, but is an after-effect,
releasing extra magnetic tail energy by ficici sioughing  via these reconnection events,
accompanying the plasrnasheet  expansion.

1. Introduction

liow the irrlcrpianctary  parameters crrntroi the distant tail
behavior is still not very weil understood. l’airfield [ i993]
suggests tha[ a long duration northward interplanetary
rnagnctic ficl(i (l Mi;) can result in a ciisappcarancc  of the
ciistarlL Lail, U s i n g  lSlili-3 d a t a , statistical studies from
7kur~dnni  (,/ al. [1986] show that the taii Iobc ficki sLrcJrglh is
wc]i crrrlciatcci with the geomagnetic activity inciices Kp anti
Ail. ‘i’hc lobe ficid strength gc.ncraiiy  incrcascs  with increasing
geomagnetic activity. Why such changes occur in the (iistant
taii arc not wcli uaderstooci. It is wcii known thaL if the lMi;
has a southward con~poncnt,  major magnetic fiux erosion at
the magnctopausc  wili occur, with greater tail flaring anti
consequently greater taii  compression as suggested by
Corrmifi ad Kennel  [ 1972]. Based on a flaring-taii  model,
7’.!l/rufatli Cl al. [1986]  f ind  tha t  wi th  e ros ion  a t  tile
rnagnctopausc and a large solar wind ram pressure, the flaring
termination may reach a distance beyond 240 R,, I’hc tail flcid
strcngLh subsLantialiy increases inside iOO Re, but essc.ntialiy
negligible ci)angcs at large distance > 140 RC. Thus, increases
in tile. distant taii ficlci strength as a function of Kp anti AH may
be due to other reasons rather than near-earth magnetic
merging.

[ising recent GklO1’Aii,  data, the distant tail dynamics during
rnagnctic storms, solar wind flow, and lMF variations have
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nwasurcmcnt  part of the ins[rumcnt was not  functional cluring
the lSEE-3 distant tail passes.

3. observations

-7,1 I’ail A4r7gtlelic l;iel(i and PloslnfI Chfjracferistics:  I:rom
the examination of all distant tail nmsurcmcnts  taken during
the three  storms, many large spike-like variations in the
velocity, plasma dcrrsity and Icrnpcrature can bc noted (not
shown). ‘1’hcsc variations are indicative of multi-tail lobe,
phrsmashcct and sheath encounters (this will trc demonstrated
later). ‘1’hus the. data is a comtrination of observations in the
ruagnctosheatb,  tail lobe and plasrnashcet.  Ilowcvcr,  a clear
trend can tm seen in the n]agnetic ficki ancl velocity magnitucics
dur ing ,  the slorm  main phase. ‘ l ’ h i s  will help in [hc
identification of the various regions within which the
spacecraft is located. Wc thus first need to formula[c criteria [o
ident i fy  each region  in detail before we can proccc.d to
characterize the pmpcrlics  of various tail regions during the
storms.

Based on previous stuciies [ZwicL4 cf al.. 1985; .’$[c~vi~~ eI (/1.,
19851 and our rccentipast  expcricncc  1}10  cf o1,,  1994; 1996],
tile I;bcs, plasmashe~t  and ~hcath dl~ring quiet or substorr~~
tirncs arc idmtificd  to have the following, characteristics. “1’hc
tail Iobcs have stable magnetic fields (mainly in the llX
cnrnponcnt,  > 8 n7’), lower piasma Vcic)citics (usually Icss than
2(KI knl/s),  tile Iowcst  plasma  dc.nsitics (< 0.2 cnl-~) ,
intcrmcdiatc  tctnpcraturcs  (higher than the shca[il, but Iowcr
tilan t h e  plasrnashcct:  1 . 2 x  IO() > 7’, > 6.5x 105 K). ‘1’hc
plasrnashcct  region is usually charactcriz.eci by the Iowcst (< 2
nl’) and most turbulent magnetic fields, Rx reversal, the
highest temperatures (l’e > 1.2x106 K), dcnsi[ics in the range
from 0.2 to 1.0 cm-?’, anti high plasma velocities (> 500 kn~/s).
In contrast, the. magnetoshea(h  usually has cold tcmpcraturcs
(’1’, < 6.5x 105 K), high dcnsi[ics  (ILC > 1.0 crn”~), tufbulcnt
fields, and a relatively constant solar wind speed (- 400 kn]/s).
Using these criteria, we will examine data fronl all three
storms, Because the second storm includes two main phases
and is more complicated, wc will study this event last. ‘1’bus,
wc will study the three storms in an order of events 1, 3 and 2.

I’igurc 2 gives 1S1111-3 distant tail obscrvatiorrs for the firsl
magnetic storm (Jan 9, 1983), From top to bottom arc ttrc AI{
and llst inciices, the three magnetic ficl(i con~poncnts.  ficki
rnagnitu(ic, two plasma velocity cotnponcrrts,  velocity
magnitude, electron density, and (crnpc.ra[urc. I)uring  [his
storm, 1S1;1;-3  was 33 kc away from tile nominal tail axis (near
lim tail boundary), but only 2-4 kc from lhc X-Y pianc.. lSlill-
3 is irl the n~agnctoshcatt) for most of the time, At - 1600 U’1’,
day 9, there is an interplarrctary shock leading a solar cjccta
cvc.nt.  ‘1’hc shock (S)  i s  idcn[ificcl by the abrup[ jurop in
magnetic field rnagnitucic from -6 to -16  n’1’, veloci[y from
-400 to 600 knl/s, density from 8 to 25 cm-s, and tcrnpcraturc
flom -2x 105 to -3x10SK. ‘l’he IMF 117  is relatively stcaciy, at a
value near O n’i’, so tile 11s[ response is only slight. There is a
small southward ccrnlporlct]t just behinci ttrc shock that causes a
-1300” nl’ (Ali) substorm.

A Iargc sootbwarci turning in the field occurs at -0140 U“]’,
ciay 10. This turning causes a substorm onset (SO) with -1200
n’1’ in All, “l’he 1{2  configuration is southward t}rcn north tvarci
spanning an interval to - 0 4 0 0  U’I’, ciay 11. ‘1’hc rnagnctic ficki
is smooth and relatively free of waves and discontinuities,  We
icicntify this as the driver gas of the solar cjccta [7kur/(fani CI
r//., 1988] and tbc south-north rotation, a magnetic cloud
[K[cin nnd Br{rkgcr.  1982]. “1’hc southward turning of the shcatil
field creates the main phase (Ml’) of the magtlctic storm. l’hc
nollhward turning at -0900 U’]’ clay 10 Icads to the start of the
rccovcry  phase (R P). ‘1’hc in[crplanetary  in terval  f rom tiic
shock to the cirivc.r gas creates ttrc storm initial phase (11’). Wc
have markccl these intervals using vertical lines and lcttcl
abbreviations in the figure.

During the initial pi]ase. two tail Iobc encounters arc.
dctcctcd,  which have large 11, and 1111  >20 n“l’.  “1’hc magnetic
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slmm (1)s1 --220 nT) is triggered by a s[ablc and very large
southward I]z (--25 nT). I)uring the rcccrvcr phase wc scc II
strong negative By (-25 - -30 nq’). At about 0900 U-l’, Ihcre is a
tail Iobc cnccruntcr which has the largest magnetic field (37
n“]’)  magnitodc wc found, about 10 n-l’ higher than the sheath
field, During the tail cncouotcr,  the plasma flow spcc.d drops to
< 200 kn]/s. The magnetic field shows very small I]Y and B,
components. We do not scc any plasma jct[ing  evcn(s dorillg
this particular storm.

I>uring tbc third magnetic storm (Aug. 7, 1983), 1S1;11-3 is
locatcci about -220 Re in the distant tail. ‘f’hc distance from t}~c
non~inal tail axis is bc[wc.cn  12 and 14 Rc (inside the tail). All
lSIil;-3  observations arc. shown in f:ig,ure 3 with [he sarnc
format as Figure 2. At 2100 U“]’, the solar wind speed jumps
from 400 to 500 knds. No obvious intclplanctary  shock and
stornl initial phase arc identified, ‘1’hc  s[or[n main phase starts
at 2150 UT’, when the magnetic field first turns southward
accompanied by a large negative B (--25 n-l’). “1’hc  earliest tail
cncountcr  (northern tail Iobc - 2~ n’1’) is found at 2115 lJ’1’,
only 10 min after a substorm  onscl. At 2240 U’I’, there is
another  [ransic. nt sou[hern  tail lobe crossing. ‘1’hc field
streng[h was 33 nT, which is higher than the sheath firld by 2
- 7 n’1’. “1’hc soiar wind plasma pressure mus[ account for tbc
missing tail pressure, At -0100 11’1’,  Aug. 8, }1, turns deeply
southward again and 11 has also a reversal. At -0700 (1’[’, 1)s(
reaches its nlaximum #y 150 n7, and then a rccovcry phase
starts  i m m e d i a t e l y  aflcr Bz rctarlls  to -O n“l’,  C)[hcl- tail
crossings are detected at around 0800 11’1’.  ‘l’he plasma huik
velocity usually clrops to small values (< 200 kn}/s) for these
tail cncountcrs,  Durirrg this storm, w,c scc tv,,o car[hw, ard
plaslna jcttings  with a spcect of about + 500 kn~/s. After 1400”
U’I’, Aug. 9, the spacecraft mainly stays inside the tail lobe and
plnsnmhcct,  We. scc many biciircctional (+5(K) to -800 kn~/s)
plasma flow cvcnls.

Compared to the first and third storms, the second storm
event lasts much Iongcr and has more tail crossirlgs, l;ight
days of distant tail obscrvaricms during the storm arc shown in
l’igarc  4 with the same. forrna( as before, An intclplanctary
shock occurs at 1700 [J-l’, f~cb. 4, 1983. Around the shock
the.re is a brief initial phase and a sudden impulse (S1). I’he
southward field fluctuations after the shock trigp,cr  the storm
main phase and substorm onset, IIowcvcr,  closer ir]spcction
indicates that this s[orm consists of two main phases (M}’a  and
Ml’b) and two rccovcry  phmcs (RPa and RPb). I)st suddenly
clccrcasc. s to -170 nT in the first main phase and then quickly
rccovcrs  (R1’a). When  I)st returns to -100 n’1’, A large 11~
southward turning causes the sccotld main ptlase and another
substornl onset at 0200 U-l’ of day 36, l~vcri  [hotrgh this occurs
exactly 26 days after the first magnetic storm, the hi~h speed
(-  ~oo knl/s) solar  wirld srrc.arn and  IIlagnctic ficlci h a v e
different fc:iturcs from the first storm on day 10. I)uring the
second main phase (MPb) of the storm, I)st decreases again to
reach its n)inimunl -185 n-l’. ~’his storm then gradually recovers
(l{Ph) to the normal values until day 42. Daring, this
recovering process, wc can scc many srrbs[orm events ciuc to Ii,
southward fluctuations, “l’he. AI:, index has many peaks ranging
fronl 500  to  2000  nT .  Ilccause  there  are so t]lany [ail
encounters cluring this storm, these regions are not easily
idcntit’icd  as in prcvioos two storms. We need to osc the criteria
wc dcvclopcd to cxanlioc. two days of storln data in high time
resolution.

I:igurc 5a shows a 12 hour interval of data prior to (I]e storln
on J:cb, 4, 1983 during intctplanctary  cluict, At ttre top of the
figure is our lc.gcod, Wc have used a blank box to represent the
magnctoshcath rcgioll, hatchccl hox for the tail Iohc, and black
box for plasnlashect/boundary  ]aycr. I)uring the 12 hours, Al:
is hclow 400 n’1’, ‘1’hc spacecraft is in.side the. tail most of ti[tlc.
“1’hc fields (l\x and B) are very stable (mostly in south Iobc, --
10 r13’).  ‘l’he plasma speed iosiclc the tail is below 200 kn~/s, in
contrast, in the rnagnctoshca[h the magnetic field is low (< 8
rl’1’),  ancl solar wincl velocity is also stable. at 400 kn}/s, ‘1’hc
sheath p]asnla density is Iargc (> 1 crn-~). During such quiet
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intcrvcrls wc cxpmt  a clear  pressure balance bctwccn the tail
lobe and magnctosheath.  3’hc spacecraft occasionally ctosscs
the plasmashcc.t, where there arc high plasma trmpcraturcs  and
low fields. I’hcsc arc easily  idcnlifiablc.. During this period,
lS}{li-3 is about 1 I R, away from the nominal tail axis
(aberration corrcctccl).

Figure 5b gives the second 12 hours of data including the
first main phase (MPa)  of storm 2. At 1610 U’]’, an
interplanetary shock occurs. At the same time, a suddcr)
impulse is detected at ground stations, This impulse causes the
storm and substorm  onsets. I’hcn the spacecraft is in the
sheath, ‘1’hc  velocity, density and magnetic field all suddenly
increase, “l’he fielcl }]z component has a southward turning and
then a large fluctuation (i 15 n-l’) is followccl, ‘E’he shocked
plasma temperature increases from 2x 10s to 6X105K.  ‘l’he
clcnsity increases from 5 to - 6 0  crn”s. I’hc magne[ic. f i e l d
magnitude jumps from 16 nl’ to -48  n“]’. ~’hc tailward plasma
speed, VtW (-V,), aiso jumps to --1000 kn~/s. At 1640 UT
around the shock, there is a S minute interval with very high
tcmpcraturc  (2.0x 106K) and iow clcnsity.  I’his region probably
is a lobe crossing (also probably a plasmashcct  crossing).
After a data gap of 1730-2000 U’1’,  we scc that the spacecraft
continuously stays inside the sheath, But the storm cluickly
recovers bccausc I]r becomes more northward.

In I:igurc SC, wc show the third 12 hours of data with the
scconcl n~ain phase (MPb) of storm 2. 7’he large interplanetary
magnetic field with iargc + I+z and -BY components has a sudden
sc)uthward I]z turning (from +25 to -23 nl’) at 0200 U’]’ of day
36. ‘i’hc.n the stable southward IMF ancl M1’b last at least 8
hours. ‘1’hc sheath high spc.ed stream has a constant tailward
Speed of - 1000 kn]/s. At 0235 U-i’ the first tail lobe crossing
after the storm onset is detected. Wc see a large I\X, high
tcmpcraturc,  and rccJuccci vciocity and density during this lobe
crossing I’hc interesting finding is rhat for this crossing the
lobe field magnitude is significantly lower (by 13 n’]”) than
ootsicic the sheath. F,vcn though the lobe ficlci has a iar~e Elx,
i(s BY and }17 components arc much icss than those insicle the
magnctosheath.  We also find that two other lobe crossings
occurring at 0410 LJT and 0430 UT have lower fields than the
acijaccnt sheath fields. I’he. plasma clcnsity inside the iobc is S-
10 [irncs lower than outsicie sheath, while tcrnpcraturc  is only
2-3 times higher than outside. I’hos, [his phcnorncnon  is
ctiflcrcnt from what we seen from storms 1 ancl 3. ~’he difference
suggests that [crnporally there is a totai pressure unbalance
bc(wccn the sheath and the. tail lobe. ~’hc high ciensily piasrna
and strong ficid wiil continue to squccie  the tail untii finaijy
they  boih reach a balance,  After 0430 U’1’,  the taii lobe
cncoontcrs  show the lobe ficid magnitucic  higher than the
sheath ficid, bccausc  lMF I]Y and 117 components inside the
sheath have significantly clccrcased. ‘1’hus (he pressures on
both sides arc baianccd.

Wc scc more plasma jetting and slow shock events in the
last 12 hours shown in Iigure 5d. Between i930 and 2000 U-l’,
the. earthward jetting has a speed as high as 1000 kn~/s. ‘1’hcsc
jc(ting  events arc seen in the plasmashcct  and iobc/bounciary
layer regions. l.argc tailward jcttings  with speeds greater than
1500 knds arc detected at 0630 and 1520 L1’1’, ‘1’hcsc jcttings
show that reconnection processes arc taking piacc  in the
clistant tail. We wili ciiscuss these piasrna jetting and slow
shock events later.

Wc sulnmarizc  ali characteristics for three distant regions
during both storm anti cluitc times in “1’able 2. “1’bcse values arc
ohtaincd by averaging the ficlcl and plasma pammcters.  ‘1’here
arc 74 tail lobe encounters (54 during the storms), 9 plasma
jetting events and 12 slow-mode shocks frcm three storms. Wc
find that during storms, the ficici magnilucics of the lobe and
plasmashect  increase by a factor of 3-5 relative to the quiet
time. ‘f’hc temperature anti density in both regions also
incrcascs  by a factor of 2-3. I’bus, there is an obvious increase
in magnetic field intensity, piasrna density, and temperature
during storln times, as identified in previous stuclics  [7’sutt(rfini
C( al., 1986]. llowevcr,  the plasma ~ changes very little. “1’he
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chrrngcs arc closely related to changes in the field and plrrsnur
in the magnctoshcath,

We also cxminc the correhr(ion between the AR index and
all tail Iobc encounters, plasma jclting  events and slow-mode
shocks, We find that there is a clear positive correlation
bctwccn the lobe field rnagnitudc and the AI; index. }Imvever,
the correlation bctwccn the ear[hward plasma jetting speeds in
(he plasmashect  and the AI: index is not obvious. We see large
jc[ting  speed during both high and low AFi intervals, Wc also
examine the substorrn dcpcodencc  of the occurrence rates for
these events. We use 10 rain resolution Afl index for this
study, All events of lobe crossings and plasma jettings  inside
the plasrnashcc[ are ide.n(ificd to be present or not in each 10-
rnin in[crval, Their occurrence rates are norrnalir.ed by the total
inmrval numbers, I’hc statistical rcsolts are shown in I:igure 6.
l~rorn the top panel, wc scc that there arc relatively more tail
lotrc crossings when the A[~. index is between 300 ancl 500 n~’,
I’his is mainly attributed [o spacecraft’s stayirrg inside the tail
lobe during Iatc recovery phases of storms 2 ami 3. ‘1’hese
cvcn[s arc detected in all AI; in(crvals rrnd all storm phases. 14
tail lobe encounters occur in the storm main phase, w}lilc 40
aPPcar daring rhc recover phase. In the boltorn panel, wc scc
rha( [hc occurrence of the earthward jet[ings  ctctccted in the
plasmashcct  has no clepcndencc on sobstorm activity. We have
also used ciiffcrcnt lag times of AIi indc. x relative to the distan[
tail observations (from 20 min to 40 rein). But no obvious
change is seen for their occurrence rates. Plasma jcttings  are
seen mainly ($3 events) irl the early rccovcry phase, while one
in the moin phase. C)ut of all 9 jetting events, while 7
correspond to subs[orms, 2 occur during lower Alt (< 200 nl’).
But [hc n~axirnurn lobe field streng[h detected seen]s to be
related to the Dst (storm severity) magnitucie,  while jetting
events secm to mainly occur cluring the stornl recovery phase,

3 .2  ?’ai/ }’rcssr[re lJa/CJ\tCC CJrId Solar Wind Abcrrcrtion h“~crf:
In csrclcr to explain how the high spccct solar stream and
rnagnc[ic storm affcc~ the distanl tail ancl why there arc many
tailhmrgnetoshcath  crossings during storm times, we need to
examine both the changes of tail size and tail flapping. I:or the
former, we assume pressore balance between the sheath and tail
lobe .  Furthcrrnore, if we assurnc  ta i l  magnet ic  f lux
cc]nservation,  the incrcrrsing tail field strength will result in a
snlaller  tail, I’hus when the sheath pressure increases. as a
consecluence, the spacccmft  which WJoulct bc originally within
the tail may get inro the shcalh  region, clue to the tail
compression Secondly, in addition to an aberration angle doe
to earlll’s motion relative to the solar winci VX, the clistant tail
is also dc.flcctcd duc to variations of the solar wincl speed VY
component (it is also pc)ssiblc that sigrlifican[ Vz variations
cicflcct the tail, but this data is not av:iilablc). 3’hos the tail
axis will bc strongly affcctcd by both solar wincl spcccl VX and
V  ~., IMJ: I]Y can twist  the  shape  of  ta i l ,  but  cannot
significantly charrgc the location of the tail. ‘(’ail f]appinp,  can
cxplairr  those t r a n s i t  c r o s s i n g s  bc[ween  the tail ancj
rnagnctoshcath,  but cannot explain the long intervals (several
boars) within the tail or the sheath.

We first calculate the pressure balance bctwcer) the sheath
anti the tail lobe during a high speecl stream. Whc. n the
Spacecraft is inside the magnctoshcath,  wc may assurnc that
the high sheath prcssuic  SCIL]CCZCS the tail into a srnallcr
rep,ion.  During this time, for a steady state case, the otrtsic}c
sheath pressure will balance the insick  tail lobe pressore.
Nc~lc.cting the therrnrrl pressure inside the tail (which is
relatively small), we have:

IL!<. = !(?}l?ll!!! -, ,,/,~
’87C  87L

(1)

‘1’hos we rr]ay prcclict the lobe field ma~nitucic from direct
n~casurc. rncn{s  “of the magnetic field ;nd
magnctoshcath,  l~crrthcr!norc, wc assume the
the Iobc n~agnctic field flux, that is:

l<,o~, R;t,,  = Collst .

plasma in the
conservation of

(2)
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We USCCI  the previous statistical values [T.$uruta)/i  et aL, 1984;
Sluvitl et al., 1985]  to determine the constant (when  the lohc.
ficlcl has a rnagnitodc of 11 nT, the [ail has an avcrap,c radius of
30 Re). llsing  the two equations wc may cnlculatc the lohc field
and the. corresponding tail size when the spacecraft is insiclc
the sheath region. ?’he catcutaled  results for the three. s[orms
arc shown in l~igure  7, In the top panels of each of the Ihrcc
plots a, h and c, wc plot the mcasurccl magnetic field (solid
line) which includes both sheath and tail regions (wrc. have
shown the tail lohc cncoun[ers using shading), The dashed line
is the predicted lobe flc.ld magnitude. We can scc thal the
prcdictccl lobe magnetic field is always larger than the sheath
field, but has a comparable strength with the measured lobe
ficlcl. I’hc magnctoshcath  field strengths have a broad range
from 5 to 60 n’1”, ‘l’he dashed lines arc significantly higher than
the sheath field, I’hc difference is mainly duc to larger shca(h
thcrrr]rrl (large plasma density) pressure,

I’})c raclius (or size) of the t:iil lobe based on the predicted
lohc field arc plot[cd in a dashed line in cac}~ Iowcr panel in
I’igurc 7, A smaller tail radius is clearly associated with a larger
iobc field and larger shcrrtb pressure, and vice versa. The tail
si~,cs may vary from 12 Kc to 40 Rc while the predicted lobe
field varies from - SO nl’ in the pc,ak of the compressed field
region [o 6 n~’ after this region, We sec a gradual increase in
the tail size accompanying this compressed region pmsover.
I’bc sizes aflcr stornls can even expand to larger than before
the s[ornls. For a rcfcrcncc,  using a ciotlccl line, we also plot
the distance of the spacecraft from a tail axis whic}l  is only
corlected  hy a fixed ahcrration  (4°) anslc, Finally, wc calcula[e
a more accurate solar v,, ind aberration angle, usinp, measured
velocities, We have used a solid line to plo[ the dis[ance
bctwe.en the spacccraf[  and the corrected tail axis. When we
calculate this clistance, wc usc the solar wind speed Vx ancl VY
components measured only inside the nlagnetoshea[h, We scc
Iargc variations of the distance fronl the corrcctcci tail axis, doc
to large. variations of solar wind velocity VX anti VY. LJsing the
relative variations bc.twecn the dashed and solid Ilncs. we can
dctcrminc  the spacecraft’s position in the sheath or tail Iohc,
We can also compare this result with the location identified by
the observations,

I’hc soli(i  line going up and ciown relative to the dashed line
suggests (bc spacecraft rr)oving  into arid out c)f the tail lobe,
Wc sec that, for most of the time when tail Iobc encounters
occur, the solici lines arc below or close to the dashed Iincs.
‘l’his shows that the spacecraft gets into the tail or detects the
tail boundary, Overall, we find that the calculated locations arc
consistent with the observations 70% of the time, It s.uggcsts
that the tail bourlriary location is controlled by botil the siwath
pressure and solar wind flow. }Iowcver,  V,IC also find that the
ciiffcrcncc bclwccn the Iincs is large at some tirncs (e.g. 1200-
1600, day 009; 1300-2400 lJrl’, day 010; 200011’1’ of day 036-
0200 of day 037; and 2000 () ’1’ of day 219-0100 of day 220).
Jn the first three intervals, the calculations show tilat
spaccc!af(  should be inside the tail hccausc  its distance from
ti]c tail axis is less than ttjc tail lobe radius, while the last onc
silould bc in the shcat}~. But the obscr~,ations show opposite
situations. ‘J”his incol)sistency may bc caosecl by the variations
of the solar winci spcc.ci Vz component (unfortunately, no
rncasurcmcnts  for this component arc availahlc),  unstable tail
magnetic flux (lack  of flux conservation) during distant
reconnection or a disappearing tail during a long interval of
oor[hwarci IMF (for the first two in[c.rvals). We note that the
plasma jetting events arc seen in the plasn~asbcet ciurirlg two
of tile four intervals. It sllggcsts that tail rnagnctic flux may
[lot he a constant during the reconnection process ill the
ciistant tail, ‘1’iIc size of the tail will not change as wc assormxi
during this time intcrvai,

3,.? I’lU,TI}IO  J e t t i n g .  $  and  Slow, -ttlode  SIIock.s: I)uring
magnetic storms, some plasmashcct  jetting and slow shock
events  arc dctcctcci, I’his suggests that the distant neulrai line
or magnetic merging may exist hcyond the 200 Re distrmt tail,
We do not scc any jetting events at the first storm (Jan, 10,
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1983,  spacecraft location sect] in FigLlrc 1), bccausc vcly few
tail encounters arc seen during this storm, We scc the jcttins
events in the other two storms, These jcttings  mainly ai>pear
during both storm main phases and recovery phases (when the
sP:lcecraft gets into the plasrnashcct af[cr 2000 U-l’ of day 221
and 1200 UT of day 037, wc see frequent plasma jcl[ings).
Most of these crossings between the tail lobe and the
plasmashcet  boundary layer/plasnlashcct  have hccn identified
as slow shocks. I’hus tail lobe magnetic energy has been
convcr[cd  into plasma kinetic ancl thermal energy in the
plastnashcc.t through the interface of the. slow-moclc shock.

I’hc highest earthward plasma jetting speed is -1200 kn~/s,
which is detected at 0253 U’I’, day 037. ‘1’his is also the highcs[
speed of car[hward plasma jettings  ever found in the distant tail
(Llpstrcam  da[a not available). The second highest event (VX =
1050 km/s) is seen at 1935 U’I’, day 036, Roth earthward
jetting events arc cictcctcd in the recovery phase (R} ’b) of the
scconcl storm. in addition, some high speed tailward jct[irlgs
(Vx <-1 SOO kn~/s)  also are detected. I’hcy arc nlL)ch  larger than
the magnctoshcath  flow spc.cd (-900 - 1000 knds). “1’hesc
cvcn[s arc the highest speeds we found to elate,

The second highest carthwar(i  jct(ing  event with high
resolution magnetic ficlcl data has been shown in I;igure 8 in a
GSI1 frame and rotatccl in a shock frame, respectively. By
idctltifyillg each region, we see that the earthward flow, mainly
appears in the plasmashcct  boLlndary layer region (in thr tobc
side), ins[ead of the plasmashcet  region. Before 1925 U’1’, the
sp:lCCCr:ift is inside the sheath as we identified in }~igLlrc 5d,
I’hcn [he spacecraft progressively crosses the soLlth  tail lobe,
boundary layer (at 1945 U’1’), and plasmashect  (2000 U’1’), and
then returns to the south lobe again at 200S U’1’.  In the
GI{OTAI1, s[ady of Saito cf a/. [ 1995], they also finci some
earthward plasma flows in the lobe-like regions, WC cio 110[
know whether or not these flows arc dLlc to leakage of plasn~a
f rom the  plasmashcet to the lobe, w e  h a v e  LISCCt  t t rc
coplanarity relation [e. g., Crrlburfl fIIId .Yotlcft,  1 9 6 6 ]  to
calcLllatc  the shock normal. All measured parameters arc listed
in “l’able 3, ‘l’hey include the upstream average magnetic field
IJu, downstream field I]d, and Ne, 7’C, and V for both [hc
upstream and downstream regions, In this shock reference
systen~, “downstream” is the boLlrlclary Iaycr with high speed
earthward flow and plasrnasheet  boLlndcd  by the firsl pair of
vertical lines, and “upstream” is the tail lobe boundecl  by the
second  pair of vertical Iincs. Both [}lc u p s t r e a m  a n d
downstream magnetic fields arc rotatccl into a shock normal
coordina te  systcrn.  Along the shock normal, there is a
significant 11 component (Bn =- -5.23f  1.21 al’) across  the
shock, I’he rr~axirnurn  errors in the magnetic field tire dcrivccl
from l}JC standard cicviations of the upstream and clownstrcarn
field valLlcs.

W C have defined some magnetic field angles in the
following to compare with the /’eIsc/Jck  [ 1964] ItIodcl, Wc
have sketched the geometry of the magnetic neutral line and
earthward slow shock in liigurc 9. At first, wc project the
magnetic field and the shock normal into the X--Z plane, ‘1’here
is a angle O,lz between the normal ~~ ancl the. z axis, where 0,,1 =
Cos”t nz. ‘1’hc second an~le is < bctwccn (he shock normal in
lbc X-Z  plane and the z axis, where f = tan-1 til//iz, The third
angle is ?], between the shock normal ~J in the X-C plane. and
the field 11 in the x- z plane,, that is, q =- Cos- 1
(I~x711x7/11\x 21111x71).  The fourth angle %, lies between the
nlagnetic field line in the X-Z plane and the x axis, “l’he angle x
is [he acute angle of ?) - <, We next usc the R:lr~killc-}l\)gc)rliot
conservation relations to calculate the plasn)a flow velocity
along the normal direction in the Lrpstrcam region under the
assLlnlption of ttlc conservation of }}n, mass, tangential
electric field and rnomcnturn  [Ho et al., 1996]. All calcLrlatcd
angles and speeds arc shown in I’able 3, I~or this case, the
plasma flow velocity along the normal, Vu,, is ~rcatcr than the
slow-mode SpCCd V,$l anti ICSS than the Al fvcrl speed irl the,
normal VAn, as expected for a slow moclc shock.
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I’hen, based on the theory of I]ill [1 975] and Vasyliuuas
[ 1975], the outgoing plasma jetting speed in the plasrnashcet,
V,,lis

v,<, = VAU COSZ= VA. sin(7]-  5) (3)

Using the Alfvcn velocities V A ~ and angles Iistecl in Table 3,
wc obtain an car[hward  p]asrnashcct VI(I of 987f45  km/s for
this shc)ck,  ‘f’his speed calculated from the theoretical model is
consistent with the measured jet[ing  speed (1002 kn~/s). I’bus,
this confirms the existcncc  of a Petsche.k type of neutral Iinc,
}Iigh speed jetting flow is the rcstrlt of reconnection in the
distant tail. This rcsolt  is also consistent with boundary layer
plasma jctlings  in the pietulc  of Cow,ley  cl al. [ 1984].

4 .  l)iscussion

In this section, we will compare our rcsLllts with previous
studies and discLlss possible explanations for these restrlls.
Kokubun CI crl. [1996] find that most large tail events seen by
GIXYI’AII,  occur during main phases of storn]s, Wc also see
these large tail field events in main phases of storms, We
think that this is because high speed solar wind streams and
magnetic clouds (large external pressure) occur in these phases
of storms. The increase of field strength inside the tail is
mainly related to an increase in oLltsictc sheath prcssum,  not
the near-earth geomagnetic activity, We also note that
cnbanceci shcaih thermal pressure is always accompanied by
enhanced dynamic pressure in the solar wind. Ftut the effect of
dynamic pressure is very small because the flaring angle of the
tail bounclary  is very small in the distant tail.

After  an instarr~ancoLls  solar wind aberration correction,
NaknmMra  et a/. [ 1996] find that all five cases arc distlihuted
around the magrlctopausc  bounrtary (hctwccn the two lobe radii
of 24 and 29 Re), In a recent study, Williams et rrl, [ 1994] find
that the n}agnctosherrth encounters arc consequences of solar
wind abcrra(ion effects. }Iowcvcr,  our study shows that more
than 20Y. of the time the spacecraft locations relative to the
tail cannot simply be interpreted by the solar wind (Vx and VY)
aberration effect. Kok((brm  cf a/. [ 1996] list 23 large tail (> 20
n’I’) field events detected by CIIKYJ’AI[, during rnap,nctic storms.
“1’hcy find that the unusual strongest lobe encounter (53 nl’)
cannot bc explained in terms of solar wind aberration and
external pressure, unless the magnetic flux increase does not
rcd Llcc the tail radius. We find during two intervals of stable
north v,rard Bz, the spacecraft is in the rnagnctoshcath,  even
though its location is very close to the nominal tail axis. “1’hc
long stable northward lMI; may cause disappearing of the
distant tail as proposed by J’airfield [1993] or a filament tail
stlucturc.

Actually, daysicle magnetic merging dLlring  the southward
IMI: may cause a magnetic flux increase in the, near tail, During
the expansion phase of a sLlbstorm,  the tail flLlx will dccrcasc
due to the near-earth reconnection [/{akpr cl cil., 19S7].  ‘1’hcse
charlgcs will not be directly related to the shcat}~ prcssLrrc.
I’hus the changes of tail size cannot be dcduccd based on the
flLlx conservation uncicr this siluation. As in the case wc see
during the second storm (at -0600 U’f’, day 36), there is an
obvioLls unbalance hctwccn  the lobe and the sheath in total
pressures, If a reconnection occurs in the clistant tail clLlring
this time, the tail lobe field flux may not be constant, I’bc tail
siz,c will rapidly change to reach a steady state. As a result, wc
SC.C. some plasmashcct  crossings which arc associated with
carlhward plasma jetting arid slow-mode shocks at 0535 lJ’f ’ or
later. Various models have been proposed 10 explain how the
magnetic flux is added and then is CLIt off cluring  the daysidc
magnctopausc  reconnection,

Another reason may bc that the map,nctic tail is not
cylindrical as wc assumccl in Figure 1. I’hc tail often is twisted
or clcformcd by the IMF BY effect [Sibrck ef al., 1985]. W e
have also detected very large BY (-30 n’1”) in our three storm
events. q’bus, the. changes related to lMI~ variations would also
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cause rr]ulti-crrrssings when the spacecraft is near the nominal
nlrrgnetopatrse. Recent global Ml II) simulation shows that
most magnetcrshcath encounters may bc due to lMl~ rotations
frc)m northward to duskward  [Frank  et al,,  1995],  But tail
twisting and flattening can only explain transient crossings,
near to the magnctopause.

Magnetoshcath  cncoLlntcrs rcporled  b y  Nakmnum  fl al.
[1996] have a tirnc scale of 2- 18 min. while the magnc.tic  tail
lobe encounters reporled  by KoknfM~n ef nl. [1996] have -20
min  cluration. In our s(udy wc find that most tail lobe
encounters have a duration from 10 ruin to 1 hour and the
separation between two encounters is 2 - 3 hours, ‘1’hcsc have
been explained due to rnagnctopausc sLrrfacc  waves related to
solar wincl oscillation [Sibcr-k et rrl,, 1985]

l;or those high speed plasma jetting events, because their
speed is far higher than the sheath solar wind flow, a
reconnection process shoulcl occur in the distant tail. Ilowcvcr,
the question is whether or not these distant ne.L!tral  lines arc
always present (independent of magne[ic  storms and solar
wind) and do they have any relationship with a near-earth
neutral Iinc. Wc sug,gest that a dis~an[ neutral Iinc which is
indcpencicnt of the near-earth ncLltral line probably always
exists. f/o  el al. [1 994] have reported a near-cornpletc distan[
reconnection case which includes a pair of slow- nmcie shocks,
bidirectional plasma flows and plasmashect  11, reversals.
Because some such signatures are dctcctcd  during northward
IMf;s, //o and 7kurufani  [ 1995] have proposed a mocicl to
expla in  the distant nc.utral line formation during both
nor[hward and soLrthward }12 situations.

‘1’hcsc plasma jerling  events mainly occur aflcr  a niagnelic
field compression process. It is possible that some external
solar wind energies  are transferred into the tail thoLlgh  the
con~prcssion  process or other unknown paths (e.g. the
opening of the tail) durinS main phase. After storm these
energies store.d inside the plasrnashccl  arc released as the
plasma jetting signatures. Also during recovery phase, both
the sheath and tail lobe f!clds bccomc very low (- S nq’, even
Iowcr than that before the storm). Wc expect that there is a tail
expansion under such low ficlcl strength. ‘l’his rnakcs easily for
the spacecraft to enter the plasrnashcct  and to detect these
jetting flows. Wc have seen that the spacecraft goes back and
forth bctwccn the tail Iobc and the plasrnashcct  boundary
layer/plasn]ashect. ftidircctional  jetting flows arc c]ctcctcd
dLlring  two magnetic storms (Slorrns 2 and 3). For the first
storm wc CIO not scc any jetting, I’hc spacecraft may not get
into ttrc plasma shcct deep enough.

5. Sllnlrnary
Wc have cxarnincd the ISFW-3  distant tail data during the five

strongest n]agnetic slorlns (I)st < -100 n’]’) and identified [he
tail signatures with high speed solar wind streams, magnetic
clouds and near-earth storms. Three of the storm events with
obvious distant tail encoLlntc.rs have been stuclied in detail. Wc
have charactcri?cd  the field and plasma paranletcrs  in the.
cliffcrent tail regions during both storm and quiet times.

1. l) Lrring the storm onsets, the strong solar wind and
nmgnctic field flLrctuations move the tail back and forth across
the spacecraft. ‘l’he lrsbc field strcn~d~s may bc predicted under
an assumption of the balance between the inside tail lobe
magnetic pressure and outside sheath thcrn)al and magnetic
pressure,

2. I) Llring  storms, the distant tail is strongly compressed by
the outside sheath prcssLlre.  I’hc field n~agnitLldcs  in the lobe
and plasm ashect increase by a factor of 3-5 relative to cl Lliet
times,  ~’hc temperature and density in both regions alsc)
incrcascs  by a factor of 2-3, while plasma ~ cbangcs  very
Iittlc, as cxpcctcd.

3,. ‘1’hc stlongcst  magnitude of lobe field we dctcctcd durir]g a
storln main phase is 37 n’1’ (Jan. 10), which is higher than the
sheath field by 5 -10 n’1’. But three tail lobe encounters, seen
also during main phases, show a pressLlre unbalance bc.twecn
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the lobe (lower ficlcl D and plasma density) and the adjacent
sheath, It may suggest that the tail is unstab]c or dcve}oping
during these intervals,

4. Iixccpt  for the tail sii-c changes duc to field strength
changes under an assumption of the tail flux conservation, we
also find that the orientation of nominal tail axis is strongly
affectccl by solar wind speed VY ancl Vx components. More than
70% of tail crossing events may be prcdictccl by the changes of
tail sim duc to the pressLlrc balance and solar wincl directional
changes I’hc remaining cmtx  may bc caused by the effect of
solar wind Vz and flLIx changes due to reconnection.

S. Nine tail plasrnashce,t jettings  and slow- rr]odc shocks
have been dctcctcd  in the second and third storms. Onc
remarkable feature of the. jcttings  is very strong carthwar c1 (up
to 1200 kn~/s)  and tailward flows (1 500 kn~/s cornparc(i to 900
knl/s solar wind speed), and quasi-periodic (- 3 hoLlr)
charachaistics.  The preponderance of such earthward flowing
events indicates that dLlring rnagnctic  storms, rnagnctic
reconnection is occLrrring at locations well beyond the
distance of lSliIi-3.

6. ‘1’hroLlgh the interface of slow-mode shocks bctwccn the
tail Iobc and the p)asn]ashect/boLrndary layer, the rnagnctic
energy is converted into plasma thcrrnal and kinetic energy by
the magnetic rncrging process. I’hc calculated plasma jetting
spcc(i (987 kn~/s) bascci On a I’CLSCiICk  siow shock rnocici is
consistent with observations (1000 kn~/s) in the boundary
iaycr.

7. }’lasmashcct plasma jetting events are mostly dctcctui
ciLlring (hc rccove.ry phases of the storms, when the heated
piasmashcct  cxpan(i uncicr a  reciuccci  siIeatil ptessurc.  ‘1’hcsc
plasma jetting events arc probably in(icpcn(icnt of near-carti]
reconnection anti AI; inciex, }Iowevcr, during the storms,
because the ciistant taii is compressed by the higil speed soiar
winci streams, some extrmai  energies may bc transfcrrc(i and
stored inside ti]c tail throLlgh  some. Llnknown n~ccilanisrm. As
an after-effect, these extra ma.gnctic taii e.nergics is rcleascci by
ficid sloughing via the.sc reconnection events.

Ark)Io}t’ledgttIe)Ifs: ‘1’hc research conducted at the Jet
Propulsion I.aboratory,  California InstitLltc of ‘1’ccbnoiogy was
performed un(icr conlract to the Nationai Aeronautics and Space
Administration.
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} 10 ANI ) I’SLJKU3’ANI: I) IS’I’ANI’TAII  , l) URING MAGNli’1’lC S’1’0Rh4S

}1O ANI> l’SLJRUl’ANI:  DIS1’ANl’l’AII, I)[JRING MAGNIrI’1~  S’1K)RM!3

t 10 ANI) ‘1’SURU’I’AN1: I)lSI’ANI’’J’AII,  D(JRING  MAGN1iTI~  STORMS

t 10 ANI) ‘1’SURU’I’ANI:  I) IS’I’AIW’I’AI[,  IXJKING MAGNlrl’lC S’1’C)RMS

110 AN1) ‘1’S(JRU’I’ANI:  DIS’I’ANT7’AII  , DLJRING MAGNti’J’1~  SI’ORMS

110 ANI) l’SURU’I’ANl:  I) IS’J’ANT’l’AII/ DLJRING  MAGNIWIC:  S’I’C)[{MS

}1[)  ANI) I’SUKUI’ANI:  I)IS’I’AtVI’l’All , I) URIN(i MA(;NI~l’1(: S’1’(3RMS

110 ANI) ‘1’S[JKU’I’ANI:  DIS’1’ANI’  I’All , l) URING MAGNIH’1~ STORMS

110 ANI) ‘lSURIJI’ANI:  DIS’I’AN3’ “l’All , DURING MAGN13’K:  S’I’C)RMS

}10 AND TSURU’I’ANI:  [)IS1’ANI’’1’AII , I) UtUNCi MAGNl~,’1’lC S’1’ORMS

}10 AN[) ‘lSURU’1’ANI:  DIS1’ANl’l’AII  , I)LJRING  MAGNIWI(: S1’C)RMS

(Rcccived  May 10, 1996; revised Sc.ptcmbcr 15, 1996;
acccptcd Octohcr 25, 1996, )

~opyright  1996 by the American Geophysical ~Jnion.

l’apcr nurnbcr 96 JAO0545,
0148 -0227 /96/96 JA-00545$09,00
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}~igure ~aplions

Iiigurc 1. lSfilI-3 locations relative to the tail axis during three magnetic storms in Y-7. plane ([ail cross-section).
‘1’hc cen(cr of the tail has a -15 R.. shift in +Y direction after an abcrta[ion  (-4°) correction, Tail scctirm is
approximately shown as a cylindrical with - 30 kc radios. Based on this sketch, two cases occur inside the tail,
whi]c onc case is seen near the tail boundary, though cxac[ location relative 10 the tail much depend on solar wind
flow rrnd tbc si>c variations,

IFigurc  2. 1S1;1;-3  observations of magnetic ficlcl and plasma in the distant tail dari])g magnetic storm o]) Jan. 9-
13, 1983,  ‘l”op two panc]s give near-earth substorm (A}{) and storm (I)st) incliccs. A Iargc high speed solar wind
stream and magnetic cloud last more than two days, l~ivc tail lobe crossings with very strong field strength arc
identified, Before the stornl main phase, Iargc sheath pressure has cause the. incrcasc of Iobc. field.

I’igare 3, A mrrgnc[ic  storm occurred on Aug. 7- 11, 1983 and the distant tail observations. IIL}ring  this period, the
solar wind flow speed C1OM not increase much,  I{Llt rnagnctic cloud Ilz turns southward twice, Wc scc many tail Iobc
crossing and plasma jetting events in the rccovcry phase.

};igLlrc 4, A long dLlration  ntaglletic slorm with two n~aill phases and the distant tai] nlcasLIrenlcn[s. solar winct
speed incrcascs  significantly from -450 to -900 km/s, while the sheath field reach a valLlc as large as - 45 n’1’.
hlony tail crossings and plasma jetting are seen during main and rccovcry phases.

}’igulc 5, A dc[ail identification of each (iistant taii region with high resolution ciata, “1’wo  (iays of (iata arc divided
into 4 plots: a) prc-storm;  b) first storl~l onscl; C) sccon(i storln onset and d) early rccovcry pbasc, ‘1’hrcc regions
arc rnarke(i  out: blank, rnagneloshcatil; hatchcci, taii Iobc and biack, plasrnashc ct.

lJigurc 6. Al; dcpcndcocc  of the occurrence rates of tail ]obc crossings (top) and piasmashcc[  earthwar(i piasrna
jcttinss  (bottom). ‘1’here arc rciativcly more tail lobe crossings when Al; index is bctwrmr 300 and 500 n’1’, which
is mainiy attribotcci to taii Ic\bc. staying during ia{e rccovc.ry phases of storms 2 anti 3. I:,arthward jetting cvcnw.
}lavc no cicpcndencc on substorm activity. ‘l’here are no obvious changes for ciiffcrcnt lag times of Al; index
relative to the tail observations,

IiigL!rc 7, Pressure baiance bctwccn the si~ca[h and taii lobe an(i spacecraft rcialivc location to the [aii center for
(hrcc magnetic storms. Solicl Iinc give the distance of spaccclaft  relative to a soiar wirrci abcrlation  corrcctcci tail
axis, I)asilcd iinc give the [ail size which varies (iependinp on prcdictcd tail ficid strength uncicr an assumption of
tail flux cons, creation, I)ottcd line is ti)c dis[ancc from a tail ccntcr which just corrcctcd by a fixc(i aberration (4°)
angle. A reiativc variation of the soiid iine to the ciashcci line wiii show how spacecraft gets in and out from the
taii.

l;igurc 8. A strong pl:isma jetting and s}ow-rno(ic  shock event dctcctcd  around 2000 l]’]’, Feb. 5, 1983. Magnetic
field aiso is rotate.d into a shock frame (I~i, B and Ilk). Earthward plasma flow is dctectcci in the region of
piasmashcct  bounclary layer. We have iclcntlfied’ the interface between the lobe and plasrnasi,cct  as a siov.-rnodc
shock using coplanar thcorern ami R-ii rciation.

i’i~ule 9. A sketch to show the geometry of siov,-rnocie, shock anti piasma jc.tting iocation. The spacecraft entry
from anti exit into the south Iobc across the s]ow-nlocie shock and boullciary  layer carlhwarci tile ncutrai line. Ail
silock parar)]ctcrs arc ca[culatcd anti conlparcci with the rcai mcasurcrncnts.

I:igurc 1. 1S1;1,-3 iocations  relative to the taii axis ciurinfl
three rnagnctic slorn~s in Y-7, plane (tail cross-scc[ion).  ‘1’hc
center of tile taii has a -1S  kc shift in -IY dilcction  after an
at]el ration (-4°) correction, I’ail section is approxirnatciy
show, n as a cylindrical wi[h - 30 Rc radius. Basc(i on this
sketch, two cases occtrr inside the taii, whiie onc case is seen
near tbc. tail boundary, thou~il exact location rciativc  to tllc
tail muci~  depcmi on soiar wirld flow and the siz,c variations,

[;igu[e 2, IS[iIi-3 obscrva[ions of rnagnctic fielci an(i piasma in
lhc distant taii during magnetic storm on Jan, 9 - 13, 1983.
I’op two pancis give near-earth substorrn (A}i) zrnci s[orm ([)st)
indices. A iargc higil speed solar wind strcanl and rnag[letic
clouci last rnorc than two days, Irivc tail lobe crossings v,,itil
v e r y  strong fic.t(i strength arc idcn[ificci, Ilcforc  the stort]~
n~ain phase, large sheath pressure has cause the incrcasc  of
lobe field,

[:igure 3. A magnetic storm occurred on Aug. 7- 1 i, 1983  and
the distant tail observations, During tilis period, the soiar
winci flow speed dots not increase much. Dut magnetic clorrci
Hz turns southwarci twice. Wc see many taii iobc crossing and
plasma jetting events  in [he. rccovc.ry phase.
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l;igurc  4. A long duratioo  magnetic s[orm wilt) two n]aio
phases ancl the distrrnt tail nmasurements.  Solar wind speed
increases significantly from -450 to -900 knds, while the
sheath  ficlcl reach a value as Iargc as - 45 nrl’. hlany tail
crossings and plasma jetting are smn  during main and
recc)very phases.

J:igurc S. A detail identification of each distant tail rc~ion
wi(b high resolution data. Two days of clata arc cliviclcc] into 4
plots: a) prc-storm;  b) first storm onset; c) scconci storm
onset ancl cl) early rccovcry  phase, Three rcg,ions are. marked
OUI: blank, magnctosheath;  hatched, tail lobe ancl black,
plasmashcc[.

I’igure 6. A}; de.pcnclcncc of the occumnce rates of tail Iofw
crossings (top) and plasmashect  earthward plasma jct[ings
(bottom). “1’here are relatively more tail Iobc crossinp,s when
Ali inclcx is between 300 ancl 500 nl’, which is mainly
attribu[cd to tail Iobc staying during late recovery phases of
storm 2 and 3. Earthward jc[ting cvcnls have no depcnclcnce
on sutrstorm activity. I’here  arc no obvious changes for
cliffcrent  lag t i m e s  o f  AFi inclcx r e l a t i v e  tc~ t h e  t a i l
observations.

I’igure 7. Pressure balance between the shealb and tail Ic)bc
ancl spacccraf(  relative location to the tail ccntcr  for three
ma~nc!ic storms, Solid line give the distance of spacecraft
relative to a solar wincl abcrrzrtion  corrected tail axis. Ilasbcci
line.givcthctail simwhich varies dcpcndingo  nprec[ictccit  ail
fic.lci strc. ngth uncle.r an assumption of tail flux conservation
I)otte.cl Iinc is the distance from a tail center which just
corlccted  by a fixccl aberration (4°) anp,lc. A relative variaticm
of the solid line to the dashecl line will show hc)w spacecraft
gets in allCl out from the. tail.

l~igure 8. A strong plasma jetting anti slow- rnoclc shock cvcrlt
clckcted  arcmncl 2000 U1’, I%b. 5, 1983. hfiagnctic field also is
rcrtatccl into a shock frame (Bi, I]j and }]k), I:arth ward plasma
flow is dctcctcd in the region of plasmashcet  boundary layer.
Wc have identified the interface bctwccn  the lobe ancl
plasmashcct  as a slow- moclc shock using coplanar [heoren]
and R-11 rclalion,

l’igure 9. A sketch to show thcgcomctry  of slow- mocle shock
anti pla Sllla jetting location. ~’hc spacecraft entry from aJlcl
exit into [he sooth lobe across the slov.-moclc shc)ck and
boundary layer earthward the neutral line, All shc,ck
pzrrametcrs arc c a l c u l a t e d  ancl comparccl wi th  the  rc:tl
lllcasu Icn)c Jlts.
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Tnb]e 1. l’hrec Magnetic Storl(l I)ata Interval, I)st and ISI~Fi-3 I’rajectory ~overages

‘J’able 2. I)istant  l’ail Par.i[(wtcrs I)uring Storm and Quiet limes

‘l’ink-

Jan. 9

-13,

19s3

I’eb. 3

-1o,

1983

Arrg.7

-11,

1983. .

Regions

M’sheath

l’ail I fix’

P’shee[

M’sheath

Tail I .OFX

P’sheet

M’sheath

Tail I ,obe

P’sheet

.—
1o11

storill

?7

37

8

45

28

5

25

31

8

0“1”

:Ei...: -‘ . . . .

N. C111”3 -..-..-LK-— v

qllite storln ~uiet Storlll Lliet storm—
10 2? 5 3. OX1O5 I,5X105 60;—.

8 1,0 0,5 8,0x I05 4,0XI05 250_—— —
3 0.5 0,?  1.3x I06 I, OX1O6 750

7 40 8 0.6x10 5 O.?X1O5 900———
]? 0.? 0 . 0 5  1.ox1o6 O.7X1O6 600— -.
2 0.6 0 . 1  3.5x106 I. SX106 1300-— —.—

10 20 6 2. OX1O5 1.0XI05 500

14 2 0.5 6. OX1O5 5. OX1O5 200——- .— .. -—.
2 0.2 0 . 1  1.5XI06 I,0XI06 1000

I’able  3. Plasma Jetting and Slow-mode Slow Parameters

[-----”-”
.—

I{u (nT’)

-8.30,-0.03,-0.54

H--lN u Nd l’;--

—
0.02 0,04 I,5x I06. . .

.—. ~—.-_T._T.— ——–--–

:E
km/s [1 rate——

uiet storm uiet

450 0.31 0.26

150 0 . 0 2  0.11

500 0.35 0.77

500 0.43 0.35

300 _ 0.01 0.01

800 2,() 1.3

4 0 0  0.22 0 . 2 0

150 0.04 0.04——
8 0 0  0.16 0 , 8 7

– 1



A ~:
c,

,,,ll[l]! 111

\
\
\
\
\
\

l,_ L! Llll LL1-T7t.

,[l-[llll[l!ll[l ,,

\
\
\
\

~\ \
ol
(D

u

./
-T6. , ,,, ,1, ,!,1



I
I‘11,1,,11,,1111111  111111

-—.>

.—

I

-i8

I 3
“-u



&l

r“1’ ‘w’
$

m
w+

c) c>

“1’”1

II IIL1

cd





Cs I,,

LI,,,I,,,I,,,l,,,I,wI,,,

Cnc
“[IT  i

j

1111

&l

u-l
SD



F.)
P
,,

0
a

ti
L
,.

c
c

~,

11111111

---!

i

‘c,
r?c
3’

.
<s-:

Iillllullll -fI1

F N
0 0
c) o

\\\\\\\\5
K

[

i

+
1

&l

ul
o-



.1 t !

mllhililhllll  IIllilllll

r -J

111111111  II 1111

0 0
0  c)

0
0



0: I“!’!’’T”P’
Wo
0) 1

1111111

:>

‘}

s>-->\_

,
/

/
I

1I 1111 (I  IIlll!llllldll

3 000<
~lllllllllllrl llll[l[l

>

I

- .. . >

s.

U1
0.

0
0



Ali Ilcpcncbarce of occLIr’IenccRatcs of ‘l’ail 1,obe crossings
and Plasmashcet Iiartbward Plsma  Jct(ings

g 0 , 3 0  m-–T–7----- ‘-r r–~-r-r  r-r-[-  .  r r  1- 1- r
r i

.
AI: index

Fig. 6
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Fig. 8
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